A DOTAP analog labeled by NBD on the head group (DT-NBD) was designed and synthesized to label DOTAP liposome. The structure was confirmed by 1 H NMR and FAB-MS, and the fluorescence of the newly synthesized DT-NBD was observed by fluorescent microscopy. The transfection efficiency of DOTAP liposome containing DT-NBD was comparable to commonly used NBD PE in COS7 and MCF7 cells. Furthermore, the level of cellular uptake and fluorescent intensity of fluorescent liposome containing DT-NBD was higher than NBD PE. Therefore, the novel NBD-labeled DOTAP analog seems to be effectively used for investigation of the cellular interaction and transfection mechanism of DOTAP liposome.
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Cationic lipid-mediated gene delivery has been actively investigated as nonviral vectors for both in vivo and in vitro applications [3] . Although the chemistry of cationic lipid carriers is moving very rapidly, and more and more sophisticated molecules are being developed, the lack of supporting biology about transfection has resulted in a plateau of transfection efficiencies (ability to transfer DNA into cells followed by expression). Therefore, it is worthwhile to understand not only the physicochemical properties of lipoplexes (liposome/DNA complex) but also lipoplexcell interaction. Using a fluorescent probe, fluorescence detected within the liposome and lipoplex would be expected to interpret the internalization mechanism of liposome delivery. For this purpose, 1,2-dioleoyl-3-trimethyl ammoniumpropane (DOTAP) (Fig. 1) is one of the best candidates because the enormous amount of data that have been accumulated on DOTAP and related molecules could provide invaluable clues to the biophysical, structural, and biological mechanism of transfection by cationic lipids [2, 7, 11] .
To label cationic liposomes, labeling the lipid bilayer with a fluorescent lipid derivative is common. The problem here is that some of the fluorescently labeled lipids might not entirely represent the fate of the lipoplex in vitro and in vivo. Specifically, attachment of a hydrophobic fluorophore to the aliphatic side chain is very sensitive to the bilayer composition of the cells [9] and could leave the lipoplex at a relatively fast rate upon mixing with cellular lipids or upon exposure to serum lipoproteins [4, 8] . However, the head group-labeled phospholipids are more stably associated with the cellular lipid bilayer [6, 8, 14] .
A fluorescent probe for liposomal delivery commonly uses fluorescently labeled neutral co-lipids such as NBD PC and NBD PE (Fig. 1) . However, the physicochemical properties and bioactivity of liposomes were seriously affected by the lipid composition (the ratio of cationic lipids and neutral lipids) and preparation conditions [1] . Therefore, it is more effective to label with a DOTAP analog than the neutral lipid. Furthermore, DOTAP without neutral lipid has been broadly researched in many studies using DOTAP liposome [10, 13] . In this study, a DOTAP analog labeled by NBD on the head group (DT-NBD) was newly synthesized, and the biological property as a new fluorescent probe for DOTAP-mediated gene delivery was confirmed.
Synthesis of the NBD-Labeled DOTAP Analog
In order to investigate the lipoplex-cell interaction of the DOTAP liposome visually, the lipoplex components should be labeled with heavy metals for electron microscopy or tagged fluorescently for confocal microscopy. Generally, the head group-labeled phospholipids are more stably associated with the cellular lipid bilayer [6, 8, 14] . In 1968, the first report using a benzofurazan compound as a derivatization reagent appeared [5] , in which the derivatives of NBD-Cl (7-chloro-4-nitro-2,1,3-benzoxadiazole) with amines were described as fluorescing strongly, and, until now, many fluorogenic and fluorescent labeling reagents with the benzofurazan skeleton have been developed [12] . Therefore, we designed a novel DOTAP analog labeled by NBD on the head group ( Fig. 2A) . In a 100 ml round flask, solid dicyclohexyl carbodiimide (3.1 g, 15 mmol) was added into a solution of 90% oleic acid (4.7 g, 15 mmol) in 20 ml of CH 2 Cl 2 with mechanical agitation. Next, a solution of 3-(dimethylamino)-1,2-propanediol (0.6 g, 5 mmol) in 15 ml of CH 2 Cl 2 and a catalytic amount of 4-dimethylaminopyridine were added into the mixture. After 20 h in room temperature, the spot of diol had disappeared and then compound 2 was purified by column chromatography using silica gel and 10% (v/v) MeOH in CHCl 3 as the eluent. To link dimethylamine of the cationic head and NBD-Cl, compound 3 was synthesized by reacting 1 equiv. of NBD-Cl and compound 2 in DMF at 80ºC. The structures of the synthetic intermediate 2 and DT-NBD 3, shown in Fig. 2A , were confirmed by 1 H NMR. The final compound was characterized by FAB-MS to confirm the identity of the molecular ions (Supplementary Fig. S1 ). The results of the NMR and FAB-MS experiments showed that one methyl group in the amine head group left from the structure of compound 2 and at the same time the NBD group coupled to the amine head group. the ability of liposomes delivering plasmid DNA in the COS7 (African green monkey kidney) and MCF7 (human breast cancer) cell lines. Plasmid DNA and liposome solution were separately prepared in TOM, and plasmid DNA solution was added to the liposome solution. This lipoplex solution was incubated for 15 min at room temperature. The day before transfection, the cells were transferred to 48-well culture plates at a density of 30,000 cells/well for COS7 and 80,000 cells/well for MCF7, and 24-well culture plates at a density of 80,000 cells/well for COS7. Thirty minutes before transfection, the medium was removed and the cells from each well were briefly washed with sterile phosphate-buffered saline (PBS). Then TOM was added to each well. The wells then received lipoplex solution, and the plates were incubated for 4 h. An additional medium (20% FBS) was added to each well so as to achieve a final serum concentration of 10%, and the plates were incubated for a further 24 h. After 24 h of further incubation, the medium was removed, and cells were washed twice with PBS. The transfection efficiency was determined by means of a LMax II 384 luminometer (Molecular Devices Corp., USA) using a luciferase assay kit from Promega. The protein content was quantified using a bicinchoninic acid (BCA) assay (PIERCE, USA). The luciferase efficiency was normalized by the protein content and expressed as relative luminescence units/µg of protein (RLU/µg protein). To observe fluorescence, the liposome containing 1% of DT-NBD was observed on a Leica TCS SP2 confocal microscope (Germany).
Biological Property of Fluorescent
Transfection mechanisms of the cationic liposome including intracellular trafficking have been studied by adding a small amount of fluorescent lipids into the liposome formulation. However, a change of lipid compositions could influence the transfection efficiency of the cationic liposome. Therefore, cationic liposomes containing fluorescent lipids should not be obviously affected by adding a fluorescent lipid on transfection efficiency. Fluorescence of the synthesized fluorescent liposome was observed under a confocal microscope after 4 h transfection. The green fluorescence was observed in most of the cells (Fig. 2B) . The transfection efficiency of DT-NBD and NBD PE liposomes (DOTAP liposome containing 0.1-1.0% DT-NBD and commercial NBD PE) was decreased about 2-40% compared with DOTAP liposome made from the present study. This decrease of transfection efficiency may be caused by the cytotoxicity of fluorescent liposomes. However, the transfection efficiency of commonly used NBD PE and DT-NBD for fluorescent liposome was comparable, except for the DT-NBD 1% liposome in COS7 (Fig. 3A) . Moreover, the noticeable differences among fluorescently labeled liposomes in a dose-dependent manner in the DOTAP formulation and DOTAP and commercial DOTAP liposome were not found with any additional cytotoxicity in MCF7 (Fig. 3B) . Because the transfection efficiency of DT-NBD 0.7% liposomes and NBD PE 0.7% liposomes were similar, we used these two DOTAP liposomes for flow cytometric comparison of DT-NBD and NBD PE as fluorescent probes. The cellular uptake and mean fluorescent intensity (MFI) of both fluorescent liposomes were increased with time, and the fluorescent cell number and MFI level of DT-NBD liposomes were higher than the NBD PE liposome at all time points. Specifically, the level of cellular uptake and MFI of the DT-NBD liposome was 2.68 and 4.17 times more than the NBD PE liposome after 24 h treatment of liposome, respectively (Fig. 4) . Therefore, these results implied that the DT-NBD liposome could represent the cellular interaction and transfection mechanism of DOTAP liposome more properly compared with the NBD PE liposome. The low level of cellular interaction of the NBD PE liposome may be caused by exchangeability of acyl chain-labeled lipids from the lipoplex, as reported by others [4, 8] . Therefore, it could be more preferable for the fluorescent derivative to have a similar structure of the intact cationic lipid in order to assure stable association with the cationic bilayer. In conclusion, the DOTAP analog labeled by NBD on the head group was newly designed and synthesized to investigate the intracellular trafficking of the DOTAP liposome. The structure of this lipid was confirmed by 1 H NMR and FAB-MS. To assess a new fluorescent probe, the luciferase assay and microscopic observation were carried out. The transfection efficiency of DT-NBD liposome was comparable to commercial NBD PE liposome with no additional cytotoxicity. The levels of cellular uptake and fluorescent intensity of fluorescent liposome containing DT-NBD were higher than that containing commonly used NBD PE. Therefore, we suggest that the fluorescent DOTAP liposome containing DT-NBD is reasonable to investigate the lipoplex-cell interaction of DOTAP.
